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OBJECT DISPLAY DEVICE AND OBJECT
DISPLAY METHOD

TECHNICAL FIELD

The present invention relates to an object display device
and an object display method.

BACKGROUND ART

In recent years, services using AR (Augmented Reality)
technology have been developed and provided. For example,
a technique is known in which a predetermined marker is
detected from an image in real space acquired by the camera
of'a mobile terminal, and a virtual object associated with the
marker is overlaid on the image in real space and displayed on
a display. A terminal device is also known which estimates a
change in spatial positional relationship between an image
capturing unit and an object to be captured, from temporally
different images, and performs control, for example, on
scrolling on a display based on the change (see, for example,
Patent Literature 1).

CITATION LIST
Patent Literature

[Patent Literature 1] Japanese Patent Application Laid-
Open Publication No. 2010-67090

SUMMARY OF INVENTION
Technical Problem

The technique of displaying a virtual object overlaid on an
image in real space based on a marker detected from the
image in real space captured by a camera cannot display the
virtual object if the marker is not detected for some reason.
When an image of a marker existing in real space is captured,
the marker, although existing in a shooting range, is not
detected in some cases due to various reasons such as the
positional relationship between the camera and the marker,
and the shooting conditions such as brightness.

The present invention is made in view of the above-men-
tioned problem. An object of the present invention is to pro-
vide an object display device and an object display method
capable of displaying a virtual object even when a marker in
real space is not detected for some reason.

Solution to Problem

In order to solve the above-mentioned problem, an object
display device according to an embodiment of the present
invention detects a predetermined marker from an image in
real space acquired by image capturing means and overlays a
virtual object associated with the marker on the image in real
space to display the overlaid virtual object on display means.
The object display device includes display complementing
means for, in the case that the marker is not detected, acquir-
ing a change in the image in real space displayed on the
display means between the past when the marker was
detected and the present, and display decision means for
deciding a display position and display manner of the virtual
object based on the change in the image in real space dis-
played on the display means and acquired by the display
complementing means. The display means displays the vir-
tual object overlaid on the image in real space based on the
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2

display position and display manner of the virtual object that
are decided by the display decision means.

In order to solve the above-mentioned problem, an object
display method according to an embodiment of the present
invention is performed in an object display device for detect-
ing a predetermined marker from an image in real space
acquired by image capturing means and for overlaying a
virtual object associated with the marker on the image in real
space to display the overlaid virtual object on display means.
The object display method includes a display complementing
step of, in the case that the marker is not detected, acquiring
a change in the image in real space displayed on the display
means between the past when the marker was detected and the
present, a display decision step of deciding a display position
and display manner of the virtual object based on the change
in the image in real space displayed on the display means and
acquired in the display complementing step, and a display
step of displaying the virtual object overlaid on the image in
real space based on the display position and display manner of
the virtual object that are decided in the display decision step.

In the object display device and the object display method
according to an embodiment of the present invention, in the
case that a marker is not detected at present, a change in an
image in real space displayed on the display means between
the past when the marker was detected and the present is
acquired. Since a virtual object is displayed based on the
position and shape of the marker in the image in real space,
the display position and display manner of the virtual object
are also to be changed in accordance with a change in the
image in real space. The display position and display manner
of the virtual object at present can therefore also be decided
from the display position and display manner of the virtual
object in the past, based on the change in the image in real
space between the past and the present. Accordingly, the
virtual object can be displayed even when the marker in real
space is not detected for some reason.

Inthe object display device according to an embodiment of
the present invention, the display complementing means may
include particular shape recognition means for extracting a
particular shape from the image in real space and recognizing
a change in the shape and position of the particular shape
between the past when the marker was detected and the
present. A change in the image in real space displayed on the
display means may be acquired based on the change in the
shape and position of the particular shape that is recognized
by the particular shape recognition means.

In this case, a change in the image in real space displayed
on the display means is acquired based on a change in the
shape and position of the particular shape extracted from the
image in real space. The change in the shape and position of
the particular shape is extracted from the image in real space
in a similar manner as with the marker for deciding the dis-
play position and display manner of the virtual object, so that
a change in the image in real space displayed on the display
means is acquired accurately. Accordingly, the display posi-
tion and display manner at present can be decided accurately
based on the display position and display manner of the
virtual object in the past.

The particular shape for acquiring a change in the image in
real space displayed on the display means may be a shape of
apredetermined substance. In this case, a change in the image
in real space displayed on the display means can be acquired
reliably.

The particular shape for acquiring a change in the image in
real space displayed on the display means may be at least one
of a predetermined graphic and line, and a certain region
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having a single color. In this case, the probability of extraction
of the particular shape by the particular shape recognition
means is improved.

In the object display device according to an embodiment of
the present invention, the display complementing means may
include terminal attitude sensing means for sensing a change
in a position and shooting direction of the object display
device. In the case that the display complementing means
fails to acquire a change in the image displayed on the display
means, the display decision means may decide the display
position and display manner of the virtual object based on the
change in the position and shooting direction of the object
display device that is recognized by the terminal attitude
sensing means.

In this case, the display position and display manner of the
virtual object are decided based on a change in the position
and shooting direction of the object display device, so that the
virtual object can be displayed even when the particular shape
is not detected from the image in real space.

In the object display device according to an embodiment of
the present invention, the display decision means may esti-
mate a position and shape of the marker in the image in real
space displayed on the display means based on the change in
the image in real space displayed on the display means, and
may decide the display position and display manner of the
virtual object based on the estimated position and shape of the
marker.

In this case, the position and shape of the marker in real
space which serves as a basis for deciding the display position
and display manner of the virtual object are estimated based
on the change in the image in real space displayed on the
display means, so that the display position and display man-
ner of the virtual object at present can be decided appropri-
ately.

Advantageous Effects of Invention

In the AR technology, the position of a mobile terminal can
be specified accurately and reliably.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing a functional configura-
tion of an object display device.

FIG. 2 is a hardware block diagram of the object display
device.

FIG. 3 is a diagram showing a display example of a virtual
object based on a marker on a display unit and an example in
which a virtual object cannot be displayed when a marker is
not detected.

FIG. 4 is a diagram showing a configuration of a marker
database and an example of data stored therein.

FIG. 5 is a diagram showing a configuration of an object
database and an example of data stored therein.

FIG. 6 is a diagram schematically showing a positional
relationship between the object display device and the marker
and showing examples of a display image in such a relation-
ship.

FIG. 7 is a diagram showing display examples of a virtual
object based on a change in a particular shape and a change in
a marker shape on the display unit.

FIG. 8 is a diagram showing an example of the attitude data
of'the object display device, and data of a marker position and
an estimated marker shape for each frame.

FIG. 9 is a flowchart showing processing of an object
display method.
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4
DESCRIPTION OF EMBODIMENTS

An embodiment of an object display device and an object
display method according to the present invention will be
described with reference to the figures. It is noted that the
same parts are denoted with the same reference signs, if
possible, and an overlapping description is omitted.

FIG. 1 is a block diagram showing a functional configura-
tion of an object display device 1. The object display device 1
in the present embodiment is a device for detecting a prede-
termined marker from an image in real space acquired by
image capturing means and overlays a virtual object associ-
ated with the marker on the image in real space to display the
overlaid virtual object on display means.

The marker is a predetermined sign present in real space.
The object display device 1 stores data of virtual objects in
advance, the data which is to be displayed in association with
markers. When detecting a marker from an image in real
space, the object display device 1 decides the display position
and display manner of a virtual object based on the shape
(deformation) and size of the marker, overlays the virtual
object on the image in real space in accordance with the
decided display position and display manner, and allows the
overlaid virtual object to appear on the display. The object
display device 1 may acquire data of the virtual object via
communication.

The virtual object is overlaid on an image in real space and
displayed, thereby providing a variety of information to the
user of the object display device 1.

As shown in FIG. 2, the object display device 1 function-
ally includes a camera 2 (image capturing means), an image
acquisition unit 3, a marker recognition unit 4, a marker
database 5, a display decision unit 6 (display decision means),
an object database 7, a display unit 8 (display means), and a
display complementing unit 9 (display complementing
means).

FIG. 2 is a hardware configuration diagram of the object
display device 1. As shown in FIG. 2, the object display
device 1 is physically configured as a computer system
mainly including a CPU 101, a RAM 102 and a ROM 103 as
main storages, a communication module 104 that is a data
transmission/reception device, an auxiliary storage device
105 such as a hard disk or a flash memory, an input device 106
such as a keyboard as an input device, and an output device
107 such as a display. Each function shown in FIG. 1 is
implemented by reading predetermined computer software
on the hardware such as the CPU 101 and the RAM 102
shown in FIG. 2 to bring the communication module 104, the
input device 106, and the output device 107 into operation
under the control of the CPU 101, and by reading and writing
data from/into the RAM 102 or the auxiliary storage device
105. Referring to FIG. 1 again, each functional unit of the
object display device 1 will be described in details.

The camera 2 is image capturing means for capturing an
image in real space. The camera 2 sends the captured image in
real space to the image acquisition unit 3. The image in real
space includes still images and motion images.

The image acquisition unit 3 is a unit that acquires an image
in real space captured by the camera 2. The image acquisition
unit 3 sends the acquired image in real space to the marker
recognition unit 4 and the display complementing unit 9.

The marker recognition unit 4 is a unit that recognizes a
marker from an image in real space based on image data of the
marker registered in the marker database 5. The marker is
recognized, for example, by an image processing technique
such as pattern matching known to those skilled in the art.
More specifically, the marker recognition unit 4 extracts a
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marker from an image in real space and additionally recog-
nizes the position and shape of the marker in the image in real
space. The shape of the marker in the image in real space has
a deformation in accordance with the positional relationship
between the camera 2 and the marker, so that the orientation
of the marker in the image in real space can be determined
based on the shape of the marker. The marker recognition unit
4 sends information identifying the recognized marker and
information about the position and shape of the marker in the
image in real space to the display complementing unit 9 and
the display decision unit 6.

When the marker recognition unit 4 fails to recognize a
marker from an image in real space, the marker recognition
unit 4 sends information to that effect to the display comple-
menting unit 9 and the display decision unit 6. FIG. 3 is a
diagram showing an example in which the marker recognition
unit 4 cannot recognize a marker from an image in real space.

FIG. 3(a) shows an example of an image f that appears on
the display unit 8 when the positional relationship between
the object display device 1 and a marker M is as shown in a
schematic diagram in FIG. 3(5). The marker M in the present
embodiment is a sign in which a letter “i” of the alphabet is
represented on a plane. As shown in FIG. 3(5), the object
display device 1 captures an image of the marker M from
obliquely upward of the marker M, so that the marker recog-
nition unit 4 can recognize the marker M from the image f.
Once the marker M is recognized, as shown in FIG. 3(a), the
display unit 8 overlays a virtual object O associated with the
marker M on the image in real space and displays the overlaid
virtual object O.

FIG. 3(c) is an example of the image f that appears on the
display unit 8 when the positional relationship between the
object display device 1 and the marker M is as shown in a
schematic diagram in FIG. 3(d). In FIG. 3(d), the angle that
the shooting direction for the object display device 1 to cap-
ture the image of the marker M forms with the upper surface
of the marker M is small, so that, as shown in FIG. 3(c), the
degree of deformation of the shape of the marker M in the
image f captured by the camera 2 and the image acquisition
unit 3 is greater than that in FIG. 3(a). When the degree of
deformation of the shape of the marker M in the image f'is
great in this manner, the marker recognition unit 4 cannot
recognize the marker M from the image ' in real space. In this
case, as shown in FIG. 3(¢), the display unit 8 does not overlay
and display the virtual object O.

Examples of possible cases where the marker recognition
unit 4 cannot recognize a marker from an image in real space
include, in addition to the case where the degree of deforma-
tion of the shape of the marker M is great as shown in FIGS.
3(c) and (d), a case where blown-out highlights occur due to
flashing light and a case where the quantity of light for image
capturing is insufficient.

The marker database 5 is a database storing data of mark-
ers. Data of markers is more specifically image data of mark-
ers. FI1G. 4 is a diagram showing a configuration of the marker
database 5 and an example of data stored therein. As shown in
FIG. 4, the marker database 5 stores the data of markers
associated with respective IDs identifying the markers.

The display decision unit 6 extracts the data of a virtual
object associated with the marker from the object database,
based on the information identifying the marker that is sent
from the marker recognition unit 4, and decides the display
position and display manner of the virtual object in the image
displayed on the display unit, based on the information about
the position and shape of the marker that is sent from the
marker recognition unit 4.
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The display position and display manner of the virtual
object are defined based on the relative positional relationship
to the marker associated with the virtual object. In the present
embodiment, the positional relationship between the virtual
object and the marker is stored as an offset in the object
database 7 as described later. The data of the offset includes,
for example, information indicating the relative position of
the virtual object with reference to the position of the marker,
and information about the orientation of the virtual object
when displayed.

The display decision unit 6 sends the information about the
display position and display manner of the virtual object
(including the information about the orientation) and the
image data of the virtual object to the display unit 8.

When a marker is not detected, the display decision unit 6
acquires a change in the image in real space displayed on the
display unit 8 between the past when the marker was detected
and the present from the display complementing unit 9, and
decides the display position and display manner of the virtual
object in the image displayed on the display unit, based on the
acquired change in the image in real space. The details of
processing of deciding the display position and display man-
ner of a virtual object in the case where a marker is not
detected will be described later.

The object database 7 is a database storing data concerning
virtual objects. FIG. 5 is a diagram showing a configuration of
the object database 7 and an example of data stored therein.
As shown in FIG. 5, the object database 7 stores object data,
associated markers, and offsets which are associated with
respective object IDs identifying virtual objects. The object
data is image data of a virtual object. The associated marker is
an ID of a marker displayed in associated with the virtual
object. The offset is data showing the positional relation to the
marker when the virtual object overlaid on an image in real
space is displayed.

The display unit 8 is a unit that displays a virtual object
overlaid on an image in real space based on the display
position and display manner of the virtual object that are
decided by the display decision unit 6. The display unit 8 is
configured, for example, with a device such as a display.

The display complementing unit 9 is a unit that acquires a
change in the image in real space displayed on the display unit
8 between the past when a marker was detected and the
present, in the case where the marker is not detected. The
display complementing unit 9 includes a particular shape
recognition unit 91 (particular shape recognition means), a
sensor 92, and a terminal attitude sensing unit 93 (terminal
attitude sensing means).

Specifically, the particular shape recognition unit 91
extracts a predetermined particular shape from an image in
real space and recognizes a change in the shape and position
of'the particular shape between the past when the marker was
detected and the present. More specifically, the particular
shape recognition unit 91 stores the shape and position of the
particular shape in the past when the marker was detected,
into a predetermined memory, and, if the marker is not rec-
ognized at present, compares the shape and position of the
particular shape acquired from the image in real space at
present with the shape and position of the particular shape in
the immediate past when the marker was detected, thereby
recognizing the change therebetween.

The display complementing unit 9 then acquires a change
in the image in real space displayed on the display unit 8
based on the change in the shape and position of the particular
shape that is recognized by the particular shape recognition
unit 91, and sends information about the acquired change in
the image in real space to the display decision unit 6.
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Referring now to FIG. 6, a process of displaying an over-
laid virtual object based on the extracted particular shape is
described in details.

FIG. 6(a) shows an example of an image f, that appears on
the display unit 8 when the positional relationship between
the object display device 1 and the marker M is as shown in a
schematic diagram in FIG. 6(b). As shown in FIG. 6(5), the
object display device 1 captures an image of the marker M
from obliquely upward of the marker M. The angle that the
shooting direction for capturing an image of the marker M
from the object display device 1 forms with the upper surface
of'the marker M is large, so that the marker recognition unit 4
can recognize the marker M, from the image f; in the example
shown in FIG. 6(a). In this case, the display decision unit 6
extracts the virtual object O associated with the marker M
recognized by the marker recognition unit 4 from the object
database 7, decides the display position and display manner
of' the virtual object O based on the position and shape of the
marker M, and allows the display unit 8 to display the over-
laid virtual object O, associated with the marker M.

FIG. 6(c) shows an example of the image f, that appears on
the display unit 8 when the positional relationship between
the object display device 1 and the marker M is as shown in a
schematic diagram in FIG. 6(d). As shown in FIG. 6(d), the
angle that the shooting direction for capturing an image of the
marker M from the object display device 1 forms with the
upper surface of the marker M is small, so that, as shown in
FIG. 6(c), the degree of deformation of the shape of the
marker M, in an image F, displayed on the display unit 8 is
greater than in FIG. 6(a). When the degree of deformation of
the shape of the marker M in the image f is great in this
manner, the marker recognition unit 4 cannot recognize the
marker M,. In this case, the marker recognition unit 4 sends
information indicating that the marker is not recognized to the
display complementing unit 9 and the display decision unit 6.

When acquiring the information indicating that the marker
is not recognized, the particular shape recognition unit 91 of
the display complementing unit 9 extracts a particular shape
S from the image f and recognizes a change in the shape and
position between the particular shape S, in the image f; (FIG.
6(a)) in the past when the marker was detected and the par-
ticular shape S, in the image f, at present. The display
complementing unit 9 sends the change in the shape and
position of the particular shape S that is recognized by the
particular shape recognition unit 91, as information about a
change in the image in real space, to the display decision unit
6.

The display decision unit 6 estimates the position and
shape of the marker M, in the image f, at present based on the
information about a change in the image in real space that is
sent from the display complementing unit 9, as well as the
position and shape of the marker M, inthe image f, in the past
when the marker M was detected. The display decision unit 6
then decides the display position and display manner of the
virtual object O, based on the estimated position and shape of
the marker M,,. More specifically, the display decision unit 6
estimates a relative change in the position and shape of the
marker M between the images f; and f, based on a relative
change in the position and shape between the particular shape
S, inthe image f; in the past and the particular shape S, in the
image f, at present.

In the example shown in FIG. 6, the particular shape rec-
ognition unit 91 extracts the shape of a vase as a particular
shape S. The target recognized as a particular shape S is not
limited to the shape of such an object. For example, the
particular shape S may be the shape of a predetermined sub-
stance. Any substance that can be recognized by an image
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recognition technique known to those skilled in the art can be
employed. Predetermined substances such as a logotype, a
sign, a face, and a table can be employed. The particular shape
S may be at least one of a predetermined graphic and line, and
a certain region having a single color. Examples of such a
particular shape S include a quadrature, a vertical line and a
horizontal line, and a grid pattern formed with horizontal
lines and vertical lines that are present in the image. For
example, data about the particular shape S may be stored in
advance in predetermined storage means in the object display
device 1. As long as the particular shape S can be recognized
as a predetermined feature point by an image recognition
technique known to those skilled in the art, data about the
particular shape S may not be retained in advance in storage
means.

The particular shape recognition unit 91 carries out a deter-
mination process as to whether a particular shape for acquir-
ing a change in the image in real space can be extracted from
the image acquired by the image acquisition unit 3, prior to
the process of recognizing a change in the shape and position
of' the particular shape S.

Referring now to FIG. 7, a process of overlaying a virtual
object based on learning information acquired from changes
of the particular shape and the shape of the marker will be
described as a variation to the process described with refer-
ence to FIG. 6.

FIG. 7(a) shows an example of the image f that appears on
the display unit 8 when the positional relationship between
the object display device 1 and the marker M is as shown in a
schematic diagram in FIG. 7(b). As shown in FIG. 7(5), the
object display device 1 captures an image of the marker M
from obliquely upward of the marker M. The angle that the
shooting direction for capturing an image of the marker M
from the object display device 1 forms with the upper surface
of'the marker M is large, so that the marker recognition unit 4
can recognize the marker M from the image f in the example
shown in FIG. 7(a). Once the marker M is recognized, the
display decision unit 6 extracts the virtual object O associated
with the marker M recognized by the marker recognition unit
4 from the object database 7, decides the display position and
display manner of the virtual object O based on the position
and shape of the marker M, and allows the display unit 8 to
display the overlaid virtual object O associated with the
marker M.

FIG. 7(c) shows an example of the image f that appears on
the display unit 8 when the positional relationship between
the object display device 1 and the marker M is as shown in a
schematic diagram in FIG. 7(d). In FIG. 7(d), the angle that
the shooting direction for the object display device 1 to cap-
ture an image of the marker M forms with the upper surface of
the marker M is slightly smaller than that in FIG. 7(5), so that,
as shown in FIG. 7(c), the degree of deformation of the shape
of the marker M in the image f captured by the camera 2 and
the image acquisition unit 3 is greater than in FIG. 7(a).
However, supposing the marker recognition unit 4 can recog-
nize the marker M with the degree of deformation shown in
FIG. 7(c), the display decision unit 6 decides the display
position and display manner of the virtual object O based on
the recognized marker M and allows the display unit 8 to
display the overlaid virtual object O based on the decided
display position and display manner.

Here, the marker recognition unit 4 acquires a change in the
position and shape of the marker M during transition of dis-
play from the image ' shown in FIG. 7(a) to the image fshown
in FIG. 7(c¢) and sends information about the acquired change
in the position and shape of the marker M to the display
decision unit 6. The particular shape recognition unit 91
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extracts and recognizes a particular shape B from the image f
shown in FIGS. 7(a) and (¢) as an object shaped like a rect-
angular parallelepiped. The particular shape recognition unit
91 then acquires a change in the position and shape of the
particular shape B during transition of display from the image
f shown in FIG. 7(a) to the image f shown in FIG. 7(¢) and
sends information about the acquired change in the position
and shape of the particular shape B to the display decision unit
6.

The display decision unit 6 acquires the information about
the change in the position and shape of the marker M during
transition of display from the image f shown in FIG. 7(a) to
the image f shown in FIG. 7(c) from the marker recognition
unit 4 and also acquires the information about the change in
the position and shape of the particular shape B from the
particular shape recognition unit 91. The display decision unit
6 then acquires the change in the position and shape of the
marker M corresponding to the change in the position and
shape of the particular shape B as learning information and
stores the acquired learning information into a predetermined
memory. When the marker recognition unit 4 cannot recog-
nize the marker M, the display decision unit 6 can estimate the
position and shape of the marker M based on the learning
information about the respective positions and shapes of the
particular shape B and the marker M.

More specifically, when the positional relationship
between the object display device 1 and the marker M is as
shown in a schematic diagram in FIG. 7(f), the angle that the
shooting direction for the object display device 1 to capture
the marker M forms with the upper surface of the marker M is
very small, so that the degree of deformation of the shape of
the marker M in the image fis great as shown in FIG. 7(e). The
marker recognition unit 4 therefore cannot recognize the
marker M. Even in the positional relationship shown in FIG.
7(f), the particular shape recognition unit 91 can recognize the
particular shape B. The particular shape recognition unit 91
thus sends the position and shape of the particular shape B in
the image f'shown in FIG. 7(e) to the display decision unit 6.
The display decision unit 6 then estimates the position and
shape of the marker M in FIG. 7(e) based on the position and
shape of the particular shape B in FIG. 7(e) and the learning
information about the respective positions and shapes of the
particular shape B and the marker M. The display decision
unit 6 decides the display position and display manner of the
virtual object O based on the estimated position and shape of
the marker M and allows the display unit 8 to display the
virtual object O.

Referring again to FIG. 2, the function of the terminal
attitude sensing unit 93 is described. The terminal attitude
sensing unit 93 senses a change in the position and shooting
direction of the object display device 1 based on a variety of
information acquired from the sensor 92. Examples of the
sensor 92 include sensors such as an accelerometer sensor
and a geomagnetic sensor. Information about acceleration
and the direction of geomagnetism acquired by those sensors
is sent to the terminal attitude sensing unit 93. When the
display complementing unit 9 cannot acquire a change in the
image displayed on the display unit 8, the display decision
unit 6 decides the display position and display manner of the
virtual object based on the change in the position and shooting
direction of the object display device 1 that is recognized by
the terminal attitude sensing unit 93.

Referring to FIG. 8, the processing by the terminal attitude
sensing unit 93 is specifically described. FIG. 8 is a diagram
showing an example of a table in which attitude data, a marker
position, and an estimated marker shape are associated for
each frame in the image displayed on the display unit 8.
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The frame No. in FIG. 8 is data identifying a frame. The
attitude data (orientation) is data indicating the orientation of
the object display device 1 at the point of time when the image
of the corresponding frame is acquired. The attitude data
(orientation) “D,” at the point of time when the image of the
frame No. “100” is acquired is set as an initial state, and
differential values from the data “D,” indicating the orienta-
tion are stored as “D,” and “D,”. The attitude data (orienta-
tion) can be represented, for example, by the rotation angle
with respect to each axis in a predetermined three-dimen-
sional coordinate system.

The attitude data (position) is data indicating the position
of the object display device 1 at the point of time when the
image of the corresponding frame is acquired. The attitude
data (position) at the point of time when the image of the
frame No. “100” is acquired is set as an initial state, and
differential values from the data “P,” indicating the orienta-
tion are stored as “P,” and “P,”. The terminal attitude sensing
unit 93 sends the attitude data (orientation) and the attitude
data (position) to the display decision unit 6. The attitude data
(position) can be represented, for example, by coordinate
values in a predetermined three-dimensional coordinate sys-
tem.

The marker position in the table shown in FIG. 8 is data
indicating the display position of the marker at the point of
time when the image of the corresponding frame is acquired.
The marker position is represented, for example, by a prede-
termine coordinate system set in the display region of the
display unit 8. The estimated marker shape is the marker
shape displayed on the display unit 8 that is estimated by the
display decision unit 6.

The display decision unit 6 estimates the marker position
based on the attitude data (orientation) and the attitude data
(position). Specifically, the display decision unit 6 can esti-
mate the marker position “M,” based on the attitude data
(orientation) “D,”” and the attitude data (position) “P,” as well
as the marker position “M,”. Similarly, the display decision
unit 6 can estimate the marker position “M,” based on the
attitude data (orientation) “D,” and the attitude data (posi-
tion) “P,” as well as the marker position “M,”.

The display decision unit 6 can calculate the deformation
of the shape of the marker displayed on the display unit 8
based on the attitude data (orientation) and the attitude data
(position) and can estimate the estimated marker shape.

The display decision unit 6 can determine whether a
marker exists in a range of angle of view of the display unit 8
by estimating the marker position shown in the table in FIG.
8 when the marker recognition unit 4 cannot recognize the
marker. This determination process is implemented, for
example, by determining whether the coordinate values of the
marker position are within a predetermined range of values.
Accordingly, when it is determined that a marker does not
exist in the range of angle of view of the display unit 8, control
can be performed such that the process for displaying an
overlaid virtual object is omitted.

Referring now to FIG. 9, an example of operation of the
object display device 1 in the object display method in the
present embodiment is described. FIG. 9 is a flowchart show-
ing processing carried out in the object display device 1.

First, the image acquisition unit 3 acquires an image in real
space captured by the camera 2 (S1). The marker recognition
unit 4 then attempts to detect a marker from the image in real
space based on image data of the marker registered in the
marker database 5 (S2). If a marker is detected, the marker
recognition unit 4 sends information identifying the recog-
nized marker and information about the position and shape of
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the marker in the image in real space to the display decision
unit 6. The process procedure then proceeds to step S3.

In step S3, the display decision unit 6 searches the object
database 7 based on the information identifying the marker
that is sent from the marker recognition unit 4, and determines
whether there exists a virtual object to be displayed in asso-
ciation with the marker (S3). If it is not determined that there
exists a virtual object to be displayed in association with the
marker, the process procedure ends. If it is determined that
there exists a virtual object to be displayed in association with
the marker, the process procedure proceeds to step S4.

In step S4, the display decision unit 6 extracts data of the
virtual object associated with the marker from the object
database and decides the display position and display manner
of'the virtual object in the image displayed on the display unit,
based on the information about the position and shape of the
marker that is sent from the marker recognition unit 4 (S4).

By contrast, if no marker was detected in step S2, the
marker recognition unit 4 sends information to that effect to
the display complementing unit 9 and the display decision
unit 6. The process procedure then proceeds to step S5. In step
S5, the marker recognition unit 4 determines whether a
marker is detected and a virtual object is displayed in the
frame displayed on the display unit 8 immediately before then
(S5). If it is determined that a marker is detected and a virtual
object is displayed, the process procedure proceeds to step
S6. If it is not determined that a marker is detected and a
virtual object is displayed, the process procedure ends.

In step S6, the terminal attitude sensing unit 93 of the
display complementing unit 9 senses a change in the position
and shooting direction of the object display device 1 based on
a variety of information acquired from the sensor 92. The
position and shooting direction of the object display device 1
is illustrated, for example, by the attitude data (position) and
the attitude data (orientation) in FIG. 8.

The display decision unit 6 then estimates the position of
the marker at present in the image of real space displayed on
the display unit 8, based on the change in the position and
shooting direction of the object display device 1 and the
position of the marker in the immediately preceding frame
(S6). The display decision unit 6 then determines whether
there exists a marker within the range of angle of view of the
display unit 8 (S7). If it is determined that there exists a
marker within the range of angle of view, the process proce-
dure proceeds to step S8. If it is not determined that there
exists a maker within the range of angle of view, the process
procedure ends. The processing in steps S6 and S7 is not
essential in the present embodiment.

In step S8, the particular shape recognition unit 91 of the
display complementing unit 9 attempts to detect a predeter-
mined particular shape from the image in real space (S8, the
display complementing step). If a particular shape is detected,
the process procedure proceeds to step S9. If a particular
shape is not detected, the process procedure proceeds to step
S10.

In step S9, the particular shape recognition unit 91 recog-
nizes a change (deformation) and a change in the position of
the particular shape between the immediately preceding
frame and the present frame. The display complementing unit
9 then acquires a change in the image in real space displayed
on the display unit 8 based on the change in the shape and
position of the particular shape that is recognized by the
particular shape recognition unit 91, and sends information
about the acquired change in the image in real space to the
display decision unit 6 (the display complementing step). The
display decision unit 6 then estimates the position and shape
of the marker in the present frame based on the information
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about the change in the image in real space that is sent from
the image complementing unit 9, and the position and shape
of the marker in the frame in the past when the marker was
detected. The display decision unit 6 then decides the display
position and display manner of the virtual object based on the
estimated position and shape of the marker (S9, the display
decision step).

In step S10, the terminal attitude sensing unit 93 acquires a
change in the position and attitude of the object display device
1 between the present and the time of image acquisition in the
frame in the past when the marker was detected. The display
decision unit 6 then estimates the position and shape of the
marker in the present frame based on the change in the posi-
tion and attitude of the object display device 1 as well as the
position and shape of the marker in the frame in the past when
the marker was detected. The display decision unit 6 then
decides the display position and display manner of the virtual
object based on the estimated position and shape of the
marker (S10).

In step S11, the display decision unit 6 allows the display
unit 8 to display an image in which the virtual object is
overlaid on the captured image in real space based on the
decided display position and display manner of the virtual
object (S11). The process in the present embodiment thus
ends.

Inthe object display device 1 and the object display method
in the present embodiment as described above, when a marker
is not detected at present, a change in the image in real space
displayed on the display unit 8 between the past when the
marker was detected and the present is acquired. Since the
virtual object is displayed based on the position and shape of
the marker in the image in real space, the display position and
display manner of the virtual object are also to be changed in
accordance with a change in the image in real space. The
display decision unit 6 can therefore decide the display posi-
tion and display manner of the virtual object at present from
the display position and display manner of the virtual object
in the past, based on the change in the image in real space
between the past and the present. Accordingly, even when the
marker in real space is not detected for some reason, the
virtual object can be displayed.

In the object display device 1 in the present embodiment,
the particular shape recognition unit 91 of the display
complementing unit 9 acquires a change in the image in real
space displayed on the display unit 8 based on a change in the
shape and position of the particular shape extracted from the
image in real space. The change in the shape and position of
the particular shape is extracted from the image in real space
in a similar manner as with the marker for deciding the dis-
play position and display manner of the virtual object, so that
a change in the image in real space displayed on the display
unit 8 is acquired accurately. Accordingly, the display deci-
sion unit 6 can decide the display position and display manner
accurately based on the display position and display manner
of the virtual object in the past.

In the object display device 1 in the present embodiment,
the terminal attitude sensing unit 93 of the display comple-
menting unit 9 acquires a change in the position and shooting
direction of the object display device 1. In addition, the dis-
play complementing unit 9 acquires a change in the image in
real space displayed on the display unit 8. Accordingly, even
when the particular shape recognition unit 91 fails to extract
a particular shape from the image in real space, the display
complementing unit 9 can acquire a change in the image in
real space displayed on the display unit 8.

In the object display device 1 in the present embodiment,
the display decision unit 6 estimates the position and shape of
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the marker in real space which serves as a basis for deciding
the display position and display manner of the virtual object,
based on the change in the image in real space displayed on
the display unit 8. Accordingly, the display position and dis-
play manner of the virtual object at present can be decided
appropriately.

The present invention has been described in details above
based on an embodiment thereof. However, the present inven-
tion is not limited to the foregoing embodiment. The present
invention is susceptible to various modifications in a range
that does not deviate from the spirit of the invention.

INDUSTRIAL APPLICABILITY

The present invention allows a virtual object to be dis-
played even when a marker in real space is not detected for
some reason, in services using the AR technology.

REFERENCE SIGNS LIST

1 ... object display device, 2 . . . camera, 3 . . . image
acquisition unit, 4 . . . marker recognition unit, 5 . . . marker
database, 6 . . . display decision unit, 7 . . . object database,
8 ... display unit, 9 .. . display complementing unit, 91 . . .
particular shape recognition unit, 92 . . . sensor, 93 . . .
terminal attitude sensing unit, S, B . . . particular shape,
M...marker, O . .. virtual object.

The invention claimed is:

1. An object display device for detecting a predetermined
marker from an image in real space acquired by an image
capturing device and for overlaying a virtual object associ-
ated with the marker on the image in real space to display the
overlaid virtual object on a display, the object display device
comprising:

circuitry configured to

in the case that the marker is not detected, acquire a change

in the image in real space displayed on the display
between the past when the marker was detected and the
present; and

decide a display position and display manner of the virtual

object based on the acquired change in the image in real
space displayed on the display, wherein

the display displays the virtual object overlaid on the image

in real space based on the decided display position and
display manner of the virtual object,

wherein the circuitry estimates a position and shape of the

marker in the image in real space displayed on the dis-
play based on the change in the image in real space
displayed on the display, and the circuitry decides the
display position and display manner of the virtual object
based on the estimated position and shape of the marker.
2. The object display device according to claim 1, wherein
the circuitry is configured to extract a particular shape from
the image in real space, the particular shape being sepa-
rate from the marker, and recognize a change in the
shape and position of the particular shape between the
past when the marker was detected and the present, and

achange in the image in real space displayed on the display
is acquired based on the recognized change in the shape
and position of the particular shape.

3. The object display device according to claim 2, wherein
the particular shape is a shape of a predetermined substance.
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4. The object display device according to claim 2, wherein
the particular shape is at least one of a predetermined graphic
and line, and a certain region having a single color.

5. The object display device according claim 1, wherein

5 the circuitry is configured to sense a change in a position

and shooting direction of the object display device, and

in the case that the circuitry fails to acquire a change in the

image displayed on the display, the circuitry decides the

display position and display manner of the virtual object

based on the sensed change in the position and shooting
direction of the object display device.

6. An object display method performed in an object display
device for detecting a predetermined marker from an image in
real space acquired by an image capturing device and for
overlaying a virtual object associated with the marker on the
image in real space to display the overlaid virtual object on a
display, the object display method comprising:

in the case that the marker is not detected, acquiring a

change in the image in real space displayed on the dis-

play between the past when the marker was detected and
the present;

deciding a display position and display manner of the vir-

tual object based on the acquired change in the image in

real space displayed on the display; and

displaying the virtual object overlaid on the image in real

space based on the decided display position and display

manner of the virtual object,

wherein the method includes estimating a position and

shape of the marker in the image in real space displayed
on the display based on the change in the image in real
space displayed on the display, and the deciding includes
deciding the display position and display manner of the
virtual object based on the estimated position and shape
of the marker.

7. A non-transitory computer readable medium for storing
therein a computer program that includes instructions which
when executed on an object display device, for detecting a
predetermined marker from an image in real space acquired
by an image capturing device and for overlaying a virtual
object associated with the marker on the image in real space
to display the overlaid virtual object on a display, causes the
object display device to perform a method comprising:

in the case that the marker is not detected, acquiring a

change in the image in real space displayed on the dis-

play between the past when the marker was detected and
the present;

deciding a display position and display manner of the vir-

tual object based on the acquired change in the image in

real space displayed on the display; and

displaying the virtual object overlaid on the image in real

space based on the decided display position and display

manner of the virtual object,

wherein the method includes estimating a position and

shape of the marker in the image in real space displayed
on the display based on the change in the image in real
space displayed on the display, and the deciding includes
deciding the display position and display manner of the
virtual object based on the estimated position and shape
of the marker.
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